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Introduction 
The taxonomic composition of the diatom assemblages 
inhabiting the substrate on the mudflat, and the effects of 
a coinhabiting deposit-feeding invertebrate on the diatom 
assemblage structure are the subjects of this paper. While 
pelagic diatoms have received considerable attention in the 
literature to date, comparatively little is known about_ the 
1-----"e"-'c,_.o..,l..,o'"'-'gy and distribution of benthic littoral diatoms. The 
majority of planktonic and benthic diatoms are known to be 
cosmopolitan in their distributions (Aleem, 1950) ,_ These 
plants have been found to be opportunistic species in that 
they are quick to respond to relatively small perturbations 
in physical conditions. It has also been demonstrated th~t 
distinct associations of diatoms exist (Mcintire and Overton, 
1971) . Generalizations concerning habitat preference and 
the assemblages that can be found 11Tithin a specific biotope 
have also been made (Hendey, 1954; Round, 1960; Aleem, 1950). 
In the field and laboratory, considerable research has 
been done on the physical parameters affecting diatom growth 
and development: vertical turbulence and solar insolation 
(Patrick, 1967); sediment composition (Aleem, 1950); diurnal 
migrations (Raymont, 1963; Aleem, 1950); length of emergence 
(Castenholz, 1963); salinity, nutrients, and sediment compos-
ition as related to organic content (Perkins, 1960). Hopkins 
(1963) suggests that diatoms move to the mud surface in 
response to light intensity, and the velocity of this move-
ment is increased by the wave action of the outgoing tide. 
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It was also shown that the percent transmitted light penetrating 
fine and coarse grained sediments dropped ·to near zero three 
millimeters below the surface of the sediment. This finding 
is supported by Aleem (1950), Patrick (1967), and Sullivan 
(1975). Aleem (1950) stipulates that; diatom populations must 
maintain themselves close to some optimal. level in the euphotic 
zone near the sediment-water interface. Aleem's research 
,,. 
showed that well over ninety percent of ·the benthic flora en-
countered were found in the upper centimeter of the sediment 
under both coarse and fine grained situations. 
The biological interactions between the edaphic 
(Sullivan, 1975) littoral diatoms and other phyla sharing 
the same environments have not been studied extensively. 
· Castenholz (1960) showed that selected invertebrates 
(littorines and limpets) grazing on the epilithic diatoms 
in the rocky intertidal, held large diatom populations in 
check during the peak gro;vth months of summer in Oregon. 
The majority of the research in soft~bottom communities 
has dealt with the invertebrates whose mode of feeding 
involves the reworking of the substrate. Little research 
on deposit-feeders has been concerned wi·th the interactions 
between these invertebrates and the coinhabiting diatom 
communities. Newell (1965) studied the role of detritus 
in the nutrition of two deposit-feeders and the role of 
diatoms in the detritus. Yingst (1976) examined the utili-
zation of organic matter in the shallow marine sediments 
by an epibenthic deposit-feeding holothurian. Rhoads and 
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Young (1970) studied the influence of deposit-feeders on 
bottom sediment stability and community trophic structure. 
Rhoads and Young 1 s studies are limited to ·the examination 
of the effects of deposit-feeders on the fauna sharing 
similar trophic levels and are not concerned with the 
effects of deposit-feeders on diatom community struc·ture. 
Examination of the biotic interaction beb.•een ··a 
deposit-feeder and the diatoms (Division: Bacillariophyceae) 
on La~.,rson 1 s mudflat located in Tomales Bay, California was 
initiated October, 1975 and was concluded December, 1976. 
The site chosen for the research was a dense bed of the 
.Maldanid Polychaete, Axiothella rubrocincta (Johnson) • 
Control areas immediately adjacent to the north-eastern 
and south-western boundaries of the bed were also studied. 
The morphology and feeding behavior of this deposit-feeder 
has been investigated by Kudenov (1971) and Weinberg (in 
press). Kudenov suggested that A. rubrocincta is a non-
selective deposit-feeder and he also showed that it 
habitually ingested large amounts of sediment. Hargrave 
(1976) states that the efficiency with which deposit-
feeders assimilate organic matter in the sediments is 
related to both the composition of the organic matter and 
the size of the particles ingested. Perkins' (1960) 
observations indicate that the relationship between the 
organic content and particle size is a major controlling 
factor in determining diatom community structure. 
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Because Axiothella rubrocincta attains high densit,ies 
and ingests sediment, this polychaete may affect the 
structure of diatom assemblages either directly by pre-
dation or indirectly by physically altering the envir-on-
ment upon which the diatoms exist. Therefore, it-is 
hypothesized that by reworking- the sediment and thereby al ... 
tering the sediment composition, deposit-feeders may be 
creating and maintaining a niche wherein specific diatoms 
l--~-<c_an_es._tab_lis_h_thems_e_lye_s_i.n_di_s_tinct ass emblaq-'e"s,_t.,.o'"'---_,..t,_,h,.,.e~------­
exclusion of other competing diatom species. 
Field Studies 
Benthic Intertidal Field Sampling· 
Materials and Methods 
Sediment samples for analysis of diatoms were col-
lected monthly on a tidal flat, known locally as Laws.on' s 
Flat, one mile east of the entrance to Tomales Bay, Cali-
forni.a (38 14'00"N, 122 57'15"W). The average slope of 
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the study area (Figures 1, 2) is about one degree. Samples 
were taken bet.ween April, 1976 and November, 19'16. 
Experimental design followed a Model I Three-Way 
Factorial Analysis.Nariance (Sakal and Rohlf, 1969). The 
three treatments of the ANOVA were time, tidal height, and 
sampling site. The samples were taken randomly in each of 
six areas (North-West outside the A. rubrocincta bed, in-
side the bed, and South-East outside. the bed) along two 
tidal level isobars (+2.2 and +0.2 feet). 
Each sample from the field consisted of a one cubic 
centimeter core taken at random in each of three areas at 
each of two tidal levels. This method was similar to the 
techniques of Aleem, (1950) and Hopkins, (1963). 
After collection the samples were taken to the labor-
atory as soon as possible and fixed in a Glycerine/Bouin's 
fixative (Table H). This procedure minimized changes in 
co~~unity structure due to selective mortality, aided the 
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prevention of disruptions of the frustules by the alcohol 
in standard Bouin' s fixative, and allowed for the dis·tin-
guishing of living cells from dead frustules. The diatoms 
were then separated from the sediment and mounted as perma-
nent microscope .slides using Hyrax Medium. Enumeration 
entailed using a modified Lackey Drop Microtransect Counting 
Nethod (ll.merican Public Health Association, 1976) ~ 
Each sample was processed in the laboratory by the 
following procedure. The cubic centimeter sample 1-.•as 
centrifuged in an international Clinical Centrifug·e (#W4422, 
made by the International Equipment Company, Boston, 
Massachusetts) at medium speed for four minutes in thirty 
to forty milliliters of distilled water. This process 
was repeated four times to remove residual salts. After 
each washing, all but ten milliliters were pipetted off and 
the procedure repeated until the cycle was complete. All 
but ten milliliters were drawn off the final wash and the 
algal pellet was resuspended. One milliliter was then 
drawn out of the suspension, placed on a 24x24 millimeter 
coverslip and incinerated for ten to fifteen minutes on a 
hotplate. The coverslip was then mounted on a microscope 
slide using Hyrax Medium (R.I. 1.65) made by the Braun-
Knecht-Heimann Company, San Francisco. For each sample, 
the resulting slide consisted of ten (10) percent of the 
algal pellet. 
Identification and counting was accomplished using oil 
7 
immersion at lOOOX on a Leitz Ortholux compound microscope. 
Identification to species was made using the references of 
Hustedt {1955), Griffith (1961.), Vinyard (1975), Wood and 
Crosby (1959), Mulford (1962), Boden (1950), Newell and 
Newell (1965), Cupp (1943), Ryznick (1969), Rotnicki (1970), 
Heurck- (1896), Hendey (1954), Patrick and Reimer (1966), 
and Paragallo (1965),' 
f------viatom:;;_w.er.;;_cox;nted~in_th.;;_sJ .. :i,des'---using~bri_gh:t~fi_eld ______ ~ 
oil immersion at lOOOX on a Leitz Ortholux microscope \¥ith 
a lOOX OEL objective and a lOX ocular. Diatoms were 
counted in randomly chosen transects running from one 
border of the coverslip to the corresponding parallel 
border. Data tables representing the number of individuals 
counted per species were coded as in Figure 3. 
For each month sampled, three slides were made for 
each of the six areas yielding a total of 18 slide.s per 
month. Field sampling for each month took 1.5 hours of 
preparation. The actual sampling procedure took 1.0 hours. 
Laboratory preparation of each of the 18 slides took 0.75 
hours. Subsequent identification and counting procedures 
took 2.0 hours per slide. Therefore, for the eight (8) 
months sampled, a total of 416.0 man-hours of work.was 
done on this phase of the study prior to analysis and 
write-up. 
With an uncoded approximate number of 550 individuals 
counted per slide (there was a range of 350-750), an 
approximate total of 79,200 individuals were individually 
scanned and identified. This represents a coded value of 
11,404,800 individuals in the samples. 
From a time-efficiency point of view, an average of 
3.12 minutes was spent 6n each individual diatom in the 
collection, preservation, mounting, identification and 
logging procedures. 
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Figure 1 
Map Showing Location of Study Area 
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Figure 3 
Data Sheet Coding Prodedure 
A calibration from the stage micrometer indicated 
six possible fields per millimeter at lOOOX. Since there 
are twenty~four millimeters per side on the coverslip, then 
it follows that there were 6 x 24 = 144 possible fields 
per run (per scan). Therefore, for the entire coverslip 
there '1-lere 144 x 144 = 20,736 possible fields per slide 
or 20,736 fields per milliliter sample. Based on these 
calculations, the numbers within the data tables repre-
sent abundances of plants calculated from the following 
formUla: 
For example, 
Number of Diatoms - N x 144/X , where 
N = number of individuals counted 
X = number of microtransects scanned 
144 = conversion factor 
Number of Microtransects 
1 
Coded Number of Individuals 
= 144N 
2 = 72N 
3 = 48N 
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Results 
The ten most abundant species and their relative. 
abundances with ninety-five (95) percent confidence inter-
vals are shown in Graphs 1-10. These samples were taken 
from Septe!nber, 1976 through November, 1976. No signifi-
cant difference in abundance was shown due to site difference 
at either tidal level. Significant differences were __ o~~e~ruv~e~d~--------
between tidal levels both within and among sites. '£he ten 
most abundant species were: 
Acnanthes haukiana Cocconeis scutellum 
Amphi~rora gigantea var. sulcata Cymbella sp. 
Amphora granulata Licmophora tenuis 
Amphora proteus Navicula finmarchica 
Climacosphenia moniligera Opephora pacifica 
A total of seventy-nine (79) species were monitored 
during the course of this study. These are listed alpha-
betically in Table c. Following each species name is the 
author(s). For clarity, these author's names are only 
listed in Table C and are omitted from the text. 
~ 
I 
~~alysis of Variance 
Methods 
The data was analyzed to determine any significant 
interactions between the treatments of the field benthic 
13 
sampling experiment. The three treatments were Time 
(monthly samples) 1 Tidal Height (+2. 2 and +0. 2 fee.t}, and 
S~te (East Outside the A. rubrocincta bed, West Outside the 
bed, and Inside the bed). Three separate analyses of 
variance were run on the data as per Sakal and Rohlf (1969) 
and Davies (1971), (see Table D) • The first method examined 
changes in species composition and abundance over eight 
consecutive months with the three replicates combined. 
This method showed some trends within the assemblages 
examined (Table E). 
The second method analyzed the last three months of 
replicated samples \'lith the three sites considered over 
each of the two tidal levels (Table F). 
The third method also analyzed the last three months 
of replicated samples but with only two sites considered at 
one time over the two tidal levels. In all cases one 
species was examined per lillOVA without combining similar 
species (i.e., the same genera) data. 
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Samples were taken during the month of September, 1976 
which utilized both a combining-'replicate technique and a 
separate replica,te technique to gauge the effects of,repli-
cate sampling on the ANOVA. Results indicate no.~ignifi­
cant difference.between the two sets of data. However, 
due to the added sensitivity afforded by the use of the 
replicated data, the sampling procedure was arnmended to 
process and analyze each of the three replicates per site 
separately. 
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Results 
The Analysis of Variance tests run on the data covering 
the eight months sampled (4/76 through 11./76) indicated only 
one species of diatom to be significantly affected by site 
differences alone: Melosira moniloformis (Table E). This 
species did not occur in the feces of A. rubrocincta; was 
not one of the ten most abundant species in any area; did 
not exh~b~t s~gnkf~cance ~n any of the analyses involVing 
replicated samples. It is known to be a common member of 
the tychoplankton (Cupp, 1943). 
Another species, Nitzschia acun1i~, showed signifi-
cant site main effects in the ANOVA run on the data covering 
the three months of replicated samples (Table F). This 
species also showed significant main effects for time and 
site for the three-way test covering the eight month 
sampling period (Table E). The ANOVA which dealt with the 
direct comparisons of the sites (Table F) with replication 
indicate that the Inside site was significantly different 
than the East Outside site and, in addition, the popula-
tions were also significantly different between tidal 
heights. 
Navicula forcipate. is a mobile pennate diatom whose 
populations in the West Outside site were significantly 
different than the East Outside site and the Inside Site 
in the three-way ANOVA with replication (Table F). There 
\'Tas, however, no significance noted for the comparison 
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between the East Outside sit.e and the Inside site. This 
diatom was found in a viable state within ·the fecal material 
of A. rubrocincta. 
Cocconeis maxima, another mobile diatom, showed sig-
nificant time and site main effects for all the ANOVA's ex-
cept the replicated test of the Inside site versus the 
West Outside site. Neither Nitzschia acuminata, Navicula 
forcipata, nor Cocconeis maximawere found to be on the 
list of the ten most abundant species. 
Diversity Study 
Materials and Methods 
In addition to AN OVA, the Shannon-Wiene:r:· Diversity 
Index (Davies, 1971) was computed for each of the eight 
months of consecutive data. This analysis encompassed 
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twenty-five of the seventy-nine species monitored during the 
benthic survey. These species comprised no less than 90% 
of the total number of individuals encountered during any 
monthly sampling period. ·In addition to the biased 
estimate of the Index (H'), the Unbiased Estimate of 
Diversity (E(H)), Hmax, Relative Diversity, and the 95% 
Confidence Limits for E(H) were computed (Graphs 11-12: 
Table G). 
-
~ 
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Results 
Computation of the Shannon-Weiner Diversity Index by 
each site over the eight months sampled for the twenty-five 
most abundant species indicate that in the Upper tidal 
level, all three sites exhibited an overall increase in 
diversity. Except for the two months of April and July, 
the Upper Inside site showed higher values of the index 
than the two boundary sites. Likewise, the Upper t~est 
Outside site exhibited higher values than the East Outside 
site for every month except April and July. 
The lower tidal level had less pronounced trends with 
an overall decrease in diversity for the three sites. The 
East Outside site showed lower values than the other two 
sites except during August and November for the West Out-
side site and May for the Inside site. (Graphs 11-12; 
Table G), 
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Sediment Analysis 
Materials and Methods 
•rwo samples for sediment analysis were obtained from 
the field samples taken during April, 1976 and July, 1976. 
Each sample consisted of a set of the subsamples from each 
of the six sites under investigation in the population 
study. Each of the subsamples was weighed and then sifted 
through a series of screens (W. S. Tyler Co., Cleveland, 
Ohio) which were stacked one atop the other in increasing 
mesh size. The mesh sizes ranged from less than one phi 
unit to four phi units. Upon sufficient agitation (approxi-
mately fifteen minutes} each of the screens was emptied into 
a separate container and weighed to the nearest one-
thousanth of a gram (Inman, 1952). This procedure was 
repeated until all of the subsamples were weighed and the 
values logged onto a table for further analysis. This 
tabulation followed Krumbein's (1938} outline and classi-
fication which is based on the phi scale. Values were 
also tabulated as per Wentworth's (1922) scale of percent 
total weight. Two-way ANOVA was run on the data to 
determine significance due to tidal level or site differ-
ences. The treatments were sites (Inside the bed vs 
West Outside the bed; Inside the bed vs East Outside the 
bed) and Tidal Level (Upper vs Lower}. 
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Results 
Two-way ANOVA on the data indicates that a signifi-
cant difference exists between the Inside site and the 
East Outside site for the smallest size fractions (~3.5 phi 
units). No other test produced significant main effects 
for any size fr-action of the sediment samples. There were, 
and 3.0 phi unit size fractions in the Inside vs East 
outside test and the 3. 5 phi unit siz.e fraction in the 
Inside vs West Outside test. (Table B) • Graphs of the 
tabular values of the Cumulative Percent curves for the 
sediment study are sho\vn in Graphs 15-18. 
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Laboratory Studies 
F 
Bucket Experiment 
Materials and Methods 
-
.c 
To test the hypothesis that the presence of Axio-
thella rubrocincta influences diatom population structure, 
a laboratory experiment was initiat.ed follovdng a Lat_in~------­
Squares design (Sakal and Rohlf, 1969). Sixteen buckets 
were filled with sediment from an area adjacent to the 
field sampling sites. These were returned to the labora-
tory and placed in a vmter table furnished with running 
unfiltered sea water. Initially all A. rubrocincta were 
picked out of the buckets using a sieve with a .Smm mesh 
size. A. rubrocincta were then obtained from the field and 
placed into the buckets in densities depicted diagramatically 
in Figure 4. 
Water was supplied by a gravity feed method through 
plastic tubing and PVC piping from the center of the table. 
The duration of the experiment was two months. Three repli-
cate samples were taken from each bucket at the end of the 
experiment, microscope slides were made of the benthic 
diatoms, and the species were identified and counted according 
to the methods previously described. 
l 
., 
I 
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Results 
Analysis following the Latin Squares design indicate 
that changes in A. rubrocincta density did not affect diatom 
abundance or population structure. 
Figure 4 
A. rubrocincta Densities in 
the Latin Squares Bucket Experiment 
1 3 6 
0 
3 
These numbers represent the number of worms placed 
in each of the sixteen buckets and the arrangement 
of those buckets to facilitate Latin Squares 
analysis. 
23 
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Fecal Analysis Study 
Materials and !1ethods 
On September 8, 1976 ten (10) A. rubrocincta were 
from. the field. After removal from the substrate, each 
lvorm was taken from its tube and rinsed in filtered sea 
water to clean off any adhering sand particles and organic 
tainers of fresh filtered sea water and allowed to remain 
undisturbed for seventy-two (72) hours in a laboratory 
water bath. Each container was aerated with compressed 
air passed through airstones. After seventy-two hours, 
the worms were removed and the sea water was centrifuged 
to condense the sample into an algal pellet. Preparation 
of permanent sl;i.des for the analysis of the flora was 
done according to the procedure previously described. 
Percent viable individuals were calculated by counting 
those individuals whose chloroplasts were stained by the 
fixative, as opposed to those individual frustules which 
did not take up any of the stain. 
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Results 
Fourteen (14) viable species were observed: 
Acnanthes haukiana * 
Amphora granulata * 
Amphora proteus * 
Bacillaria paradoxa 
l-____ Cocconeis scutellum * 
Coscinodiscus curvatulus .Melosira 
monilofonnis 
Coscinodiscus excentricus 
Navicula abunda 
Coscinodiscus lineatus 
-- N. finmarchica * 
Diploneis, c.rabo 
N •. forcipata 
Hantzschia marina 
Of these species, five (5) were also found to be on the list 
of the ten most abundant species (denoted by the asterisk). 
Axiothella rubrocincta ingests diatoms >•i th the sedi-
ment. There is no apparent preference for either particular 
species or size classes of the diatoms studied. Of the total 
number of species monitored, 58% of the diatoms and 82% 
of the diatoms and dinoflagellates taken together, were 
alive after passing through the digestive tract of A. rubro-
cincta. 
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Discussion 
Rhoads and Young (1970) found that modifications of 
the benthic environment by deposit-feeders results i~ the 
exclusion of many suspension-feeders-and sessile epifauna. 
The reworking of the sediment results in coarser sediments 
with a: fluid, fecal-rich surface. This biotic phenomenon 
appears to be important in shaping trophic group distri-
butions. Woodin (1976) and Rhoads and Yotlng (1970) 
point out that larval mortality within t:he beds of deposit-
feeders may be the result of three factors: 
1) chemical and s.edimentological conditions may 
limit growth and discourage settlement; 
2) settled larvae may be eaten at the surface by 
deposit-feeders if they cannot maintain suffi-
cient mobility; and, 
3) the resuspension of sediment and the subsequent 
burial of juveniles may induce high mortalities 
on the invading and established benthic popula~ 
tions. 
These factors may also be responsible for any differences 
in diatom assemblages within.the beds. Rhoads and Young (1970) 
further state that with an increase in deposit-feeding and 
consequently an increase in sediment reworking, there was 
an increase in the interstitial water content exceeding sixty 
percent. Aleern (1949) and Patrick (1963) state that inter-
stitial spacing and water flow are of paramount importance 
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to the successful invasion and subsequent colonization of 
an area by diatom populations. 
The trophic interaction between the diatoms coinhabi-
ting the mudflat and A. rubrocincta provide an excell.ent 
opportunity to illustrate the effects of deposit-feedingon 
the microa.lgal habitat. 
feeders are eaten at the surface of the sediment by 
deposit-feeders, thus supporting :Rhoads and Young's obser-
vations concerned with throphic group interactions. In 
dense beds of deposit-feeders, the invasion or reprodtwtive 
rate of the diatoms must be kept at relatively high levels 
in order to maintain viable populations and assemblages. 
As Patrick (1967) found in her study of the diatom conununi-
ties in estuarine conditions, the assemblages within Lawson's 
mudflat \"Tere composed of a large number of species each with 
relatively small populations. Patrick (1967) also noted 
that although the number of species changed, the relative 
sizes of the populations did not change greatly. In 
addition, she noted that the size of the isolated area to 
be invaded affected the diversity of the communities. As 
a result of an area becoming invaded, the first species to 
be eliminated were those represented by very small nuwbers. 
It is assumed that the forms encountered in this study 
exhibited diurnal migrations due to positive phototaxis and 
negative geotaxis. 
of Rayment (1963) • 
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This assumption is based on the research 
Perkins (1960) not:ed that the diurnal 
rhythm is dependent upon the intensity of the ambient light 
with turbidity considered. Patrick (1967) concurs with this 
finding and adds that salinity and nutrients are also impor-
tant. Hopkins (1963) investigated the chemical and environ-
mental parameters influencing diatom growth and development 
in the Ouse Es_tJJar~,_S_us_s_ex_~He_sho:wed_t.ha_t:~-____________ _ 
1) the diatom community resides in the upper two 
millimeters of the substrate (this is in agree-
ment with Aleem's (1950) research); 
2) fine grained substrates support more diatoms than 
coarser sediments, and that the community is 
closer to the surface in a fine grained situation 
(presumably due to the increase in turbidity); 
3) diatoms achieve sufficient velocities for movement 
to the sediment surface between 7.5°C and 20°C with 
maximum velocities achieved between 10°C and 17.5°C; 
4) diatom movement is reduced to zero after four hours 
in darkness. 
Hopkinsl(l963) research was under similar field conditions 
of temperature, salinity, and sediment particle size to the 
present study. In addition, of those species used in his 
horizontal velocity study, sixty percent were also observed 
within the samples of this study, supporting the concept 
that the Bacillariophyceae may be cosmopolitan in their 
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distributions. One corroborative study for this phenomenon 
was done by Castenholz (1963) who states that 
"over eighty percent of the littoral species 
found by Aleem (1949, 1950) on the British 
coast occurred on the Oregon coast. Almost 
all species found in Oregon also occur in 
Britain. Most littoral and sublittoral dia-
toms appear to be world-wide in distribution 
on north temperate sh,ores"" 
he present investigation also found that the great 
majority of species observed on the mudflats of Tomales 
Bay, California were found in both Oregon, the British 
Isles, and South Africa (Riznyk, 1969; Rotnicki, 1970; and 
Boden, 1950) . The cosmopolitan distribution of the diatoms 
has important implications in research on the Bacillariophy-
ceae. Any information gained from such studies can be used 
as substantiating proof and/or reference ~vhen dealing with 
similar species and the assemblages they form where environ--
mental parameters are equivalent or comparable. 
Results of this study indicate that Axiothella rubro-
cincta does not directly regulate diatom assemblages or 
species abundances by predation. There is strong evidence 
that A. rubrocincta ingests diatoms, but there is no proof 
that is does so discriminately. The data supports Newell 
(1965) vlho states that in the marine environment, bacteria 
provide the main food source for organisms ingesting parti-
culate detrital material. The fact that live diatoms made 
up the majority of the frustules encountered in the fecal 
material of A. rubrocincta does indicate that some forms 
30 
cannot maintain sufficient mobility to escape the feeding 
processes of this deposit-feeder. The total percent viable 
diatoms in this study comprised 57.75% of the total diatom 
frustules encountered. The total percent diatoms.and dino-
flagellates found in a viable state comprised 82.3% of the 
total number of individuals encountered. There is evidence 
to support. the postulate that A. rubrocincta indirectly. 
1-------_c__,,.,~,_.,~ etri:s-.:l:i-crt-om asseml:rl-ages_ny_i-;:s---.ne>-de-CYf-f eed-_t-rrg-. -Graph-n-----
indicates that in the upper intertidal zone the Inside site 
showed higher diversity index values than the two boundary 
areas six out of the eight sampling times.. 'rhis would be 
in agreement with Patrick and Reimer (1966) who state 
that, with all things being equal, two s:i.tes can have diverse 
populations when one area is under the influence of a pred-
ator or under constant environmental stress. This criterion 
is a perfect description of the actions and feeding behavior 
of A. rubrocincta. These results are, however, contrary to 
Woodin's (1976) hypothesis and predictions concerning 
adult-larval interactions. Following the criterion set 
forth by Sokal and Rohlf (1969) for Latin Squares Analysis, 
the laboratory bucket experiment yielded no significant 
F-ratio's for any of the species monitored (Table H). 
Therefore, changes in the density of ~· rubrocincta did not 
affect diatom abundances or population structure. 
The fact that Axiothella rubrocincta does not affect 
the diatom populations coinhabiting the mudflat leads to 
some interesting speculation based on previous research. 
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The studies of Mcintire and Overton (1971) indicate that 
diatom species composition is greatly modified by changes 
in the physical and chemical properties of the substrate .. 
Therefore, it is not unreasonable to consider the·sediment-
associated flora as a patchy mosaic of assemblages. The 
difference between these assemblages is based on discon-· 
I . :::·~::::d~:t.:::T:::: =::·:~.-·~-------
' found. Since the sediment types and diversity experiments 
in the present study show few significant differences 
between the sites and tidal heights examined, some other 
forces more influential than the predation and sediment-
reworking effects of Axiothella rubrocincta must be re-
sponsible for the similar diatom populations and sediment 
profiles. 
The failure to find significant differences in diatom 
population structure between tidal levels in the present 
study confirms Amspoker's (1973) research that showed most 
of the taxa found. in the upper inter-tidal z.one. were also 
collected in the lower inter-tidal zone. A quantitative 
analysis of diversity index data indicates no significant 
change in the relative diversity of the taxa monitored 
along transects from the lower through upper inter-tidal 
zones. Perhaps the homogeneity of the flora, as well as the 
sediment particle size, was related to the wave action of 
the outgoing tide. The effect of the resuspension of the 
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upper sediments and the affiliated diatom flora would mini·· 
ntize the effects of A. rubrocincta on the diatom composition 
and redistribute the sediments throughout the areas examined 
during each tidal cycle. 
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Summary 
1) Axiothella rubrocincta does not directly regulate 
diatom as.semblages or species a)mndance by predation. 
2) A. rubrocincta ingests diatoms with the sediment, but 
does not do so discri.minately. 
3) Of the total number of diatoms encountered in the fecal 
material of the polychaete, 57.75% were in a viai:>le.state. 
wn:nt:he inclusion ofalnoflagellates, 82~T% oftlieTiora 
were intact and viable prior to preservation. 
4} The density of the Maldanid polychaete had no effect 
upon the coinhabiting diatom assemblages in laboratory 
studies. 
5) Field studies indicate that in the upper intertidal 
level (+2.2 feet), there was a higher diversity of 
diatoms inside the A. rubrocincta bed than in the two 
boundary areas six out of the eight sampling periods. 
6} Either due to the insensitivity of the experimental 
design or some parameter(s) not examined, this study 
failed to document significant differences in the diatom 
populations in the A. rubrocincta beds when compared to 
boundary areas. Previous research would indicate physical 
or chemical environmental factors to be more influential 
on the diatom assemblages than the feeding behavior of 
Axiothella rubrocincta. 
Since the scope of this investigation covered only the 
biotic interactions between the dia.tom flora and the Maldanid 
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polychaete Axiothella rubrocincta, the effects of tidal. 
scouring and resuspension of the sediments were not studied. 
These and other environmental factors such as temper"!-ture, 
dissolved oxygen, pH, turbidity, solar insolation, de.ssica-
tion, salinity, and nutrients have been shown to influence 
diatom assemblage composition (Castenholz, 1961; Hopkins, 
1963; Perkins, 1960; Patrick, 1967; Aleem, 1950). It is 
possible r.hat complex synergistic effects of these factors 
might effect the benthic intertidal diatom assemblages. 
Studies of such interactions would require far more com-
plex methods ano. experimental designs than those used in 
this study. 
Table A 
Sediment Analysis Study 
Two sampling periods on the same page (4/76 and 7/76). 
Body of the tables reflect % size fraction of the total 
weight. 
Ordinate = Size Fraction (phi units and millimeters). 
Abscissa = The six sites of the field study. 
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rom. phi 
707 
" 
1 
500 1 
354 1.5 
I ?50 ----2----
177 2.5 
I 125 3 < 125 < 3 I 
i 
;; 
Total G rams 
nnn. phi 
707 < 1 
500 1 
354 1.5 
250 2 
177 2.5 
125 3 
< 125 < 3 
Total Grams 
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4 - 21 - 76 
Percent Total Weight 
Inside East West 
Lower Lower Lower 
.35 .51 .22 
1.10 1.26 1.85 
6.95 6.84 6.96 
37--..-61 29.97 26-.--8-8 
47.01 48.85 46.55 
5.62 10.15 11.54 
1.35 2.55 6.00 
82.39 85.12 107.10 
7 - 10 - 76 
Percent Total Weight 
Inside East West 
Lower Lower Lower 
.34 .04 .18 
2.15 . 1.19 2.35 
9.54 6.24 18.64 
29.34 25.15 24.97 
45.35 48.21 21.11 
10.96 13.00 27.44 
2.32 6.18 5.31 
41.41 49.55 16.58 
~nside East west 
f1pper Upper Upper. 
.08 .40 .79 
2.13 3.49 L76 
9.96 10.44 5.95 
--
3--3 .. 5-5 2-8 .. 36 4-0. 41;-
44.52 47.37 41.55 
8.62 8.37 8.14 
1.14 1.68 1.40 
77.40 68.44 89.44 
Inside East West 
Upper Upper Upper 
- .11 .04 
1.44 1.96 1.42 
9.80 9.10 7.81 
32.65 33.95 24.94 
45.20 30.77 47.43 
9.61 18.39 16.59 
1.30 5.71 1.77 
36.84 28.01 48.64 
( '-' denotes no reading, 
ie. <.5g) 
Table B 
Two-Way ANOVA, Equal n 
for 
Sediment Analysis Study 
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Grain Size (phi units) 
~ 1.0 
Inside vs East Inside vs West 
1.5 
2.0 
2.5 
3.0 
:2:3.5 
ns 
Tidal Level vs 
Sites *** (550.85) 
ns 
ns 
Tital Level vs 
Sites * (13.08) 
Between Sites **** 
(8281. 0) 
ns 
ns 
ns 
ns 
ns 
Tidal Level vs 
Sites *** (30.23) 
NOTE: Tidal Level vs Sites is the interaction term in the 
A}10VA, with a tabular for the F-distribution of 
F.05(1,4)= ?.7l. 
The Sites main effect has a tabular value for the 
F-distribution of F.OS(l,l)= 161.0. 
Table C 
Alphabetical List of Species 
Achnanthe.s brevipes - Agardh 
Achnanthes haukiana - Grunow 
Achnanthes 'Wellsiae - von Reimer 
Actinoptyclus marmoreus -· Brun 
n senarius - Ehrenberg 
Amphiprora gigantea var. sulcata - Cleve 
Amphora cuneata - Cleve 
" elegans - Peragallo 
" granulata - Gregory 
" obtusa - Gregory 
" proteus - Gregory 
" sublaevis - Hustedt 
Asterionella japonica - Cleve and Moller 
Bacillaria paradoxa - Gmelin 
Biddulphia alternans - van Heurck 
If aurita - de Brebisson 
Caloneis westii - Cleve 
Climacosphenia moniligera - Ehrenberg 
Cocconeis costata var. pacifica - Gregory 
" 
" 
" 
" 
II 
dirupta - Gregory 
distans - Gregory 
latecostata - Hustedt 
maxima - Peragallo 
scutellum - Ehrenberg 
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(Table C continued) 
Coscinodiscus curvatulus - Grunow 
" excentricus - Ehrenberg 
" lin_eatus - Ehrenberg 
Cyclotella striata -· (Kutzing) Grunow 
Cymbella sp. 
Diploneis bombus - Ehrenberg 
" crabo -· Ehrenberg 
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" i--n-te-r-r-up-t-a--=-&.1-e-v-e----------------
Eunotia hebridica -
Eunotograrnma mari:num - Peragallo 
Fragillaria crotonensis - Kitten 
Gomphonema exiguum - Kutzing 
Gramrnatophora angulosa - Ehrenberg 
11 marina - Kutzing 
Gyrosigma balticum - (Ehrenberg) Cleve 
.. 
.. 
" 
fasciola - Ehrenberg 
obliquum - Grunow 
peisonis - Grunow 
" spencerii - Cleve 
Hantzschia amphioxys var. minor - Peragallo 
II 
II 
marine - (Donklin) Grunmv 
virgata - (Roper) Grurtow 
Isthmia nervosa - Kutzi.ng 
Licmophora tenuis - Grunow 
Melosira moniloformis - Agardh 
Meridian circulare - Agardh 
Navicula abunda - Hustedt 
l 
(Table C continued) 
Navicula arenaria - Donklin 
" 
" 
" 
.. 
" 
" 
" 
.. 
" 
" 
" 
" 
cancellata - Donklin 
clavata - Gregory 
diploneoides - Hustedt 
distans - Cleve 
diversistriata - Hustedt 
finmarchica - Cleve 
forcipata - A. Schmidt 
meniscoides - Hustedt 
mutica - Kutzi.ng 
normalo.i.des - Cholnoky 
omega - Cleve 
torifera - Hustedt 
" yarrensis - Grunow 
Nitzschia acuminata (Gregory) Grunow 
" 
" . 
apiculata - (Gregory) Grunow 
bilobata - w. Smith 
Nitzschia closteri.um - (W. Smith) Hustedt 
" 
n 
pacifica - Cupp 
rhopalodiodes - Hustedt 
Opephora marina - Petit 
" pacifica Petit 
Pleurosigma marinum - Donklin 
Rhoicosphenia curvata - Grunow 
Skeletonema costatum - (Greville) Cleve 
Surirella fastuosa. var. recedens - Cleve 
Synedra fasiculata - Greville 
Thallasionema sp. 
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Table D 
Table·values for 
~--------------------------------~the ____________________________________________ ___ 
F-distribution for 
3-way ANOVA 
Three different. analyses were run on the data. 
Each analysis involved a slightly altered parameter 
ie., the values of the treatment levels were 
changed in each case to gain added precision to 
calculation.· Please note these changes in the 
treatment descriptions preceding each of the 
three 95% critical F-value tables. 
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Table of Critical F-values (.05 level) 
Three-Way 2 7 14 
No Replication 14 4.6 3.7 2.76 2.48 
Time = 8 
Tidal Height = 2 
~------~~r~es = 3----------------------------------------------~------------
Replications = 1 
(number of runs = 33) 
Three-Way 
With Replication 
l Time = 3 Tidal Height = 2 V/Vl 1 2 4 
Sites = 3 36 4.12 3.27 2.64 
Replications = 3 
Three-Way 
With Replication 
Time = 3 
Tidal Height = 2 v2/vl 1 2 
Sites = 2 35 4.13 3.28 
Replications = 3 
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Table E 
Three-Way ANOVA, no replication 
~~----------------~T-ime-~~ea-~en~ ~ go ____________________________________________ _ 
Tidal Ht. treatment ~ 3 
Sites treatment = 3 
Replication treatment = 1 
44 
A B c 
SPECIES TIME TIDAL HEIGHT. ~ AxB AxC ~ 
Amohioro:~;a gigantea 51.69 1.0.54 
var. sulcata 
Amphora granulata 4.05 
Amp])ora proteus 4.44 
Cocconeis maxima 11.35 3.89 
Cocconei-s scutellum 5.16 
eos-ei-ncd:i-s-cu;::, 
excentricus 3.79 
Eunotia hebridica 10.15 5.41 5.36 
Hantzschia marina 3.71 
Licmophora tenuis 3.37 
Halos ira rnoniloformis 6.50 
Navicula ahunda 5.63 5.64 2.85 4.79 
Navicula aren~ria 12.55 ' 6.83 
Navicula clavata 3.51 11.51 
Navicula rneniscoides ll.48 4.36 
Navicula normaloides 6.14 
Nitzschia acuminata 3.79 4.65 
Opephora pacifica 4.37 6.05 
PleurosigwA marinum 4.14 7.56 
Synedra fasiculata 10.16 22.17 6.06 
legendi 
Table F 
Three-Way ANOV.l\. with Replication 
******************************** 
•rest Treatment Number of Treatments 
Time 3 
Inside x East x West Tidal Height 2 
(IxExwr Site 3 
Replicates 3 
East x West 
(ExW) Time 3 
Inside x East Tidal Height 2 
(IxE) 
Site 2 
Inside x West 
(IxW) Replicates 3 
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A B c 
SPECIES TIME TIDAL HEIGHT Sn'J!: AxB Axe . BxC AxBxC 
--. 
Cocconeis maxima 
IxExW 4.61 
WxE 4.39 9.6!> 
5.26 
IxW 
Navicula forcipata 
IxExW 
WxE 10.47 
IxW 7.11 
IxE 
Nitzschia acuminata 
IxExW 6.42 
WxE 
IxE 4.67 16. 7l 
IxW 3.64 
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Table G 
Shannon-Wiener 
Diversity Index 
Table indicates values for biased index (H'); 
unbiased estimate of diversity (E(H)); Hmax; 
Relative Diversity; and 95% confidence inter-
vals for H'. 
IU = Inside Upper 
EOU = East Outside Upper 
wou = West Outside Upper 
IL = Inside Lower 
EOL = East Outside Lower 
WOL = West Outside Lower 
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Table G 
IN-FIELD DIVERSITY 
Number of Species = 25 Hmax ~ 3.21888 
Sampling Date/Site H' E (H) C .. Io Evennes·s 
4-76 IU 1.35 1.35 0. 55 . 0.42 
EOU 1.67 1.67 0.08 0.52 
wou 1.22 1.22 0.22 0.38 
IL 2.76 2.76 0.27 0.86 
EOL 1.91 1.91 0.32 0.59 
wor" 2.11 2.10 0.20 0.65 
5-76 IU 1.92 1.92 0.00 0.60 
EOU 1.30 1.30 0.34 0. 40 
wou 1.47 1.47 0.23 0. 72 
IL 2.08 2.08 0.49 0.65 
EOL 2.48 2.48 0.35 o. 77 
WOL 2.56 2.56 0.00 0.80 
6-76 IU 2.65 2.65 0.20 0.82 
EOU 1.99 1.99 0.00 0.62 
wou 2.33 2.33 0.00 0. 72 
IL 2.02 2.02 0.50 0.63 
EOI, 1.84 1.84 0.11 0.57 
WOL 1.82 1. 82 0.00 0.57 
7-76 IU 2.54 2.54 0.47 0.79 
EOU 2.76 2.76 0.43 0.86 
wou 2.68 2.68 0.56 0.83 
IL 2.47 2.47 0.38 0. 77 
EOL 2.42 2.42 0.59 0.75 
WOL 2.41 2.41 0.40 0.75 
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Sampling Date/Site II' _E(H) C.I. Evenness 
8-76 IU 2.59 2.59 0.85 0.81 
EOU 2.40 2.40 0.35 0.74 
wou 2.40 2.40 0.00 0.74 
IL 2. 77 2. 77 0.43 0.86. 
EOL 2.62 2.62 0.62 0.81 
WOL 2.28 2.28 0.61 0. 71 . 
---·---=-,--
9-76 IU 2.90 2.90 0.75 0.90 
EOU 2.31 2.31 0.45 o.n 
wou 2.68 2.67 o;61 0.83 
IL 2.52 2.52 0.96 0.78 
EOL 2.40 2.40 0.57 0.74 
WOL 2.64 2.64 0.82 o. 82 
10-76 IU 2.64 2.64 0.74 0.07 
EOU 2.30 2.30 0.64 0. 71 
wou 2.34 2 .• 34 0.85 0.73 
IL 2.49 2.49 0.54 o. 77 
EOL l. 70 l. 70 0.12 0.53 
WOL 2.41 2.41 0.11 0.75 
11-76 IU 2.73 2.73 0.24 0.85 
EOU 2.33 2.33 0.14 . 0. 72 
wou 2.70 2.70 0.62 0.84 
IL 2.29 2.29 0.12 0. 71 
EOL 2.40 2.40 0.35 0.75 
WOL 1.92 1.92 o.oo 0.60 
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Table H 
Recipe for Glycerine/Bouin Fixative 
picric acid, satux·ated aqueous ...•• 0 ••••• 75.0 ml 
1-----------rorma:-:ttn---,--------co--m::errtrcrt:-ea. .. ~ ...... ~ .................. 2-5 • O--m-11-------
glacial acetic acid._~~~···~···~ .. ~···g·· 5.0 ml 
glycerine, 50% aqueous .••••..•••••••••• 25.0 ml 
Graphs 1 to 10 
Mean Abundance of Ten 
Most Abundant 
Species 
from 9/76 to 11/76 
Each species. plotted separately wH:h 
means bounded by confidence intervals 
(95%) for each of the three sampling 
periods by site. 
WOL = west outside lower 
IL = inside lower 
EL = east outside lower 
wu = west outside upper 
IU = inside upper 
EU = east outside upper 
lvithin the graphs ·there are three data 
points for each site. These correspond 
to three sampling times (9/76, 10/76, 11/76 
respectively). 
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GRAPH 2 
AMP. GIGANTEA var. SULCATA 
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GRAPH 3 
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GRAPH4 
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GRAPH 6 
COC. SCUTELLUM 
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GRAPH 7· 
CYMBELLA sp. 
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GRAPH 8 
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GRAPH 9 
NAV. FINMARCHICA 
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GRAPH 10 
OPE. PACIFICA 
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Graphs 11-12 
Shannon-Wiener 
Diversity Index 
Graphs indicate values of the Shannon-Wiener 
Diversity Index for each month for each site 
at each tidal level. 
Ordinate = Shannon-Wiener Diversity Index value 
Abscissa = Time (April through November, 1976) 
Within the graphs there are three data points 
for each sampiing time. •rhese correspond to 
the three sites sampled at each tidal level 
(West Outside the A. rubrocincta bed, East 
Outside the bed, and Inside the bed respectively). 
95% Confidence Intervals are also represented 
for each datum. 
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GRAPH12 
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Cuntulative Percen·l: Curves for the Sediment 
Analysis Experiment 
- ordinate = percent composition 
- abscissa = size classes of sediment particles 
Graph 13: Samples taken 4/21/76 
Graph 14: Samples taken 7/10/76 
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